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Question 1 (13 marks) 
 
Question 1.1 (8 Marks) 
 
For each of the following terms, give a brief definition as they relate to continuous and discrete 
time systems.  
 
(a) Causal  
(b) Memory less   
(c) Time invariant 
(d) Linear  
 
 
Question 1.2 (2 Marks) 
 
What is the definition of the impulse response, h(t), of a system? How can it be used to find the 
output of a system for a given input? 
 
 
Question 1.3 (3 Marks) 
 
What is the drawback of trying to determine the impulse response of a system experimentally? 
How and why can the unit step function be utilised instead? 
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Question 2 (12 marks) 
 
A continuous-time periodic signal x(t) is real valued and has a fundamental period  
T = 4 seconds.  
 
The nonzero Fourier series coefficients for x(t) are; 
 
C1 = C-1 = 3; 
C3 = C*-3 = 5j, that is C-3 is the complex conjugate of C3 
 
 
Question 2.1 (3 Marks) 
 




Question 2.2 (4 Marks) 
 









kkk tAtx φω  
 
Question 2.3 (3 Marks) 
 
An ideal high pass filter is then used on the signal x(t) to pass only the higher frequency 
component and block the low frequency component.  
 
If this filter has a magnitude of 1 and a phase of 2ω in the pass band and a phase and magnitude 
of zero in the stop band, write the expression for the output of the filter, v(t). 
 
 
Question 2.4 (2 Marks) 
 
What are the drawbacks of the type of filter used in question 2.3. Under what circumstances can 
we use this kind of filter to extract the high frequencies from a signal? 
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Question 3 (10 marks) 
 
A signal x(t) has the frequency spectrum shown in Figure 3a, where A = 1 and B = 5. The 
frequency, 𝜔𝜔, is measured in radians per second. 
 
 
Figure 3a, Frequency Spectrum 
 
Question 3.1 (2 marks) 
 
The signal is multiplied with a carrier .cos tcω  Sketch the amplitude spectrum )(ωS of the 
modulated carrier ,cos)()( ttxts cω=  for .15=cω   
 
Question 3.2 (3 marks) 
 











Sketch the amplitude spectrum )(ωV of the filtered signal v(t). Can the filter described above be 
used in real time? 
 
Question 3.3 (1 marks) 
 
The signal v(t) is transmitted. What, specifically, is this form of transmission called? Do not use 
abbreviations. 
 
Question 3.4 (4 marks) 
 
Explain in detail (include diagrams and formula if necessary) how the original signal x(t) can be 
reconstructed. Can the signal be reconstructed if ,3=cω  instead of 15? 
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Question 4 (15 marks) 
 
One of the research strengths of Charles Darwin University is modeling of Darwin harbour. One 
of the main topics of investigation is the effect of the location of the sewage outlet on the levels 
of E. Coli (bacteria that are usually present in the gut) in Darwin harbour. So far, the effect of 
the current outlet of untreated sewage at Larrakeyah has been modeled. It is now proposed to 





= −𝑘𝑘1𝑑𝑑(𝑡𝑡) + 𝑥𝑥(𝑡𝑡)   𝑎𝑎𝑎𝑎𝑑𝑑   𝑑𝑑𝑑𝑑(𝑡𝑡)𝑑𝑑𝑡𝑡 = 𝑘𝑘1𝑑𝑑(𝑡𝑡) − 𝑘𝑘2𝑑𝑑(𝑡𝑡) 
 
where the input 𝑥𝑥(𝑡𝑡) is the rate at which sewage (and therefore E. Coli) flows into Rapid Creek, 
the output 𝑑𝑑(𝑡𝑡) is the total number of E. Coli in Darwin Harbour and 𝑑𝑑(𝑡𝑡) is the total number of 
E. Coli in Rapid Creek. The constants 𝑘𝑘1 and 𝑘𝑘2 characterize the speed with which sewage 
flows from Rapid Creek into the Darwin Harbour and the speed at which bacteria disappear 
from the harbour (either because they die or because they flow into the sea) respectively. It is 
assumed that  𝑘𝑘1 > 𝑘𝑘2 > 0.  
 
Question 4.1 (5 marks) 
Determine the transfer function of the system described by the equations above and the 
input/output differential equation of the complete system. For this question only, it is ok to 
assume that the initial conditions for 𝑑𝑑(𝑡𝑡) and 𝑑𝑑(𝑡𝑡)are zero. 
 
If and only if you cannot find the transfer function, use the following transfer function for 









Question 4.2 (1 marks) 
What is the order of the system?  
 
Question 4.3 (1 marks) 
What is the location of the poles of the system? 
 
Question 4.4 (2 marks) 
Is the system stable? Explain your answer. 
 
Question 4.5 (2 marks) 
Determine the impulse response h(t) of the system. 
 
Question 4.6 (4 marks) 
It is proposed that in 2018 a new sewage treatment plant will be opened and the outflow of 
untreated sewage will be stopped. Assume that treated sewage does not contain any E. Coli, in 
other word the release of E. Coli is stopped completely. Assume that at that time (t=0) the number 
of E. Coli in Rapid Creek is EC1 and the number of E. Coli in Darwin Harbour is EC2. By using 
the Laplace transform, compute the number of E. Coli in Darwin Harbour, y(t), from this time 
onward. Assume that k1 ≠ k2. 
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Question 5 (15 marks) 
 
Question 5.1 (2 marks) 
 
A controller with transfer function 𝐺𝐺𝐶𝐶(𝑠𝑠) is used to provide the input into a plant with transfer 
function 𝐺𝐺𝑃𝑃(𝑠𝑠). The input to the controlled system is the reference signal 𝑅𝑅(𝑠𝑠)which produces 
the output, 𝑌𝑌(𝑠𝑠), from the plant. Draw the block diagram for the system described if: 
a) open loop control is used 
b) closed loop control is used 
 
Question 5.2 (2 marks) 
 
Give an example of an everyday system where open loop control is used and another where 
closed loop control is used. 
 
Question 5.3 (5 marks) 
 
What are the reasons that closed loop control is sometimes used instead of open loop control. 
What are some of the advantages and disadvantages of closed loop control?  
 
Question 5.4 (6 marks) 
 
Discuss, with the use of formula and diagrams where relevant, how you would use one of the 
two tuning methods discussed in this unit to tune a PI controller.
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Formula Sheet 
LAPLACE TRANSFORM PAIRS 
)s(F  )t(f     t ≥ 0  















  n = positive integer 
ate
s
1 −  )( atu −   unit step starting at t = a 
( )ate1
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Ziegler-Nichols tuning rule based on critical gain and period 
 
𝐺𝐺𝑐𝑐(𝑠𝑠) = 𝐾𝐾𝑝𝑝 �1 + 1𝑇𝑇𝑖𝑖𝑠𝑠 + 𝑇𝑇𝑑𝑑𝑠𝑠� = 0.6𝐾𝐾𝑐𝑐𝑐𝑐 �1 + 10.5𝑃𝑃𝑐𝑐𝑐𝑐𝑠𝑠 + 0.125𝑃𝑃𝑐𝑐𝑐𝑐𝑠𝑠� 
= 0.075𝐾𝐾𝑐𝑐𝑐𝑐𝑃𝑃𝑐𝑐𝑐𝑐 �𝑠𝑠 + 4𝑃𝑃𝑐𝑐𝑐𝑐�2𝑠𝑠  
 
Controller 𝐾𝐾𝑝𝑝 𝑇𝑇𝑖𝑖 𝑇𝑇𝑑𝑑 
P 0.5𝐾𝐾𝑐𝑐𝑐𝑐 ∞ 0 
PI 0.45𝐾𝐾𝑐𝑐𝑐𝑐 11.2𝑃𝑃𝑐𝑐𝑐𝑐 0 





Ziegler-Nichols tuning rule based on the strep response of the system: 
 
𝐺𝐺𝑐𝑐(𝑠𝑠) = 𝐾𝐾𝑝𝑝 �1 + 1𝑇𝑇𝑖𝑖𝑠𝑠 + 𝑇𝑇𝑑𝑑𝑠𝑠� = 1.2𝑇𝑇
𝐿𝐿




Controller 𝐾𝐾𝑝𝑝 𝑇𝑇𝑖𝑖 𝑇𝑇𝑑𝑑 
P 𝑇𝑇
𝐿𝐿
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Properties of Discrete time Fourier transform 
Linearity 𝑎𝑎𝑥𝑥[𝑎𝑎] + 𝑏𝑏𝑑𝑑[𝑎𝑎] 𝑎𝑎𝑎𝑎�𝑒𝑒𝑗𝑗𝑗𝑗� + 𝑏𝑏𝑌𝑌(𝑒𝑒𝑗𝑗𝑗𝑗) 
Shift in Time 𝑥𝑥[𝑎𝑎 − 𝑘𝑘] 𝑎𝑎�𝑒𝑒𝑗𝑗𝑗𝑗�𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 
Shift in frequency 𝑥𝑥[𝑎𝑎]𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗 𝑎𝑎�𝑒𝑒𝑗𝑗(𝑤𝑤−𝑗𝑗)� 




Time reversal 𝑥𝑥[−𝑎𝑎] 𝑎𝑎�𝑒𝑒−𝑗𝑗𝑗𝑗� 
Time conjugation 𝑥𝑥[𝑎𝑎]∗ 𝑎𝑎�𝑒𝑒−𝑗𝑗𝑗𝑗�∗ 
Time reversal and 














Convolve in time 𝑥𝑥[𝑎𝑎] ∗ 𝑑𝑑[𝑎𝑎] 𝑎𝑎�𝑒𝑒𝑗𝑗𝑗𝑗�.𝑌𝑌(𝑒𝑒𝑗𝑗𝑗𝑗) 
Multiply in time 𝑥𝑥[𝑎𝑎].𝑑𝑑[𝑎𝑎] 12𝜋𝜋� 𝑎𝑎�𝑒𝑒𝑗𝑗𝑗𝑗�.𝑌𝑌�𝑒𝑒𝑗𝑗(𝑗𝑗−𝑗𝑗)�𝑑𝑑𝑑𝑑𝜋𝜋−𝜋𝜋  
 
 
 
